Abstract
index that calculated as log TG/HDL [3] . In diabetic patients, non-HDL cholesterol can be a predictor of cardiovascular disease than is more powerful than LDL cholesterol or triglycerides [4] . Nimmanapalli et al. [5] and Zabeen et al. [6] reported that non-HDL cholesterol levels and atherogenic coefficient in T2DM patients were higher than controls. Non-HDL cholesterol provides an index of all atherogenic, and is calculated as total cholesterol minus HDL cholesterol [4] . Zhan et al. [7] investigated the state of lipid-driven inflammatory and found that atherogenic index of plasma (AIP) and neutrophil-lymphocyte ratio (NLR) were higher in acute coronary syndrome. These results suggest that atherogenic dyslipidemia can induce inflammation.
Assessing C-reactive protein (CRP) levels is the most practical way to identify inflammation. High CRP levels are found in most individuals with impaired glucose regulation, high values of body mass index (BMI) and waist circumference, which are positively related to the incidence of diabetes. CRP is an inflammatory marker produced and released by the liver under cytokine stimulation such as tumor necrosis factor and interleukin 1 and 6 [8] . Our previous study showed that diabetic rats injected with nicotinamide and streptozotocin have significantly higher CRP levels than in normal rats [9] . Increased levels of CRP in uncontrolled diabetic subjects were significantly higher than in controlled diabetes, which was significantly associated with an increase in HbA1c levels [10, 11] .
High-fiber diets have been reported to reduce HbA1c and TG levels [11, 12] increase HDL-c levels [13] and improve an atherogenic dyslipidemia. A complex and unrefined carbohydrate diet with an emphasis on fibers (14g/1000 calories consumed daily) is recommended for individuals with or at risk for metabolic syndrome [14] . Dietary fibers including resistant starch are not digested in the small intestine but can be fermented by the colonic bacteria to produce short chain fatty acids (SCFAs), mainly acetic acid, propionic acid and n-butyric acid [15] . The SCFAs, in particular propionic and butyric acids have been reported as anti-inflammatory [7] . Complex of SCFAs-receptor has anti-inflammatory, antiobesity, and anti-diabetic effects [8] . Therefore, this study evaluated the effect of fiber-rich snack on CRP levels and atherogenic index in T2DM patients. 
Material and method

Subjects
Intervention
The subjects receive detailed written and oral instructions from an experienced dietician for their diet, including the quantity and quality of food products consumed. They are advised to consume an average daily energy intake of 1500 kcal, and to meet the diet. Monitoring was done 
Biochemical analysis
To obtain plasma, the EDTA blood sample was centrifuged at 3000 g for 15 min at room temperature. EDTA-plasma is used to determine lipid profiles, CRP, and HbA1c. Lipid profiles were analyzed enzymatically using commercial kit (Diasys, Holzheim, Germany). CRP (DRG, International Inc, USA) and HbA1c (Elabscience, WuHan, P.R.C) were analyzed using the ELISA method. All analytical procedures are carried out in accordance with the manufacturer's protocol.
Statistical analysis
All parameters were measured twice, before and after consuming fiber-rich snacks. The paired sample t test is used to analyze the normal distributed data and the Wilcoxon signed-rank test to analyze abnormal distributed data. The difference was statistically significant at p <0.05.
Results
Anthropometric parameters
A total of 20 diabetic patients, 6 men and 14 women, aged 52.5 ± 3.46 years were included in the study. Anthropometric subjects before and after treatment are presented in Table 1 . After consuming fiber-rich snacks for 4 weeks, weight, BMI, and waist circumference were significantly reduced, although blood pressure remained unchanged.
Lipid profile, HbA1c and CRP levels
Four-week fiber-rich snack interventions in T2DM patients decreased levels of non-HDL cholesterol ( Figure 1 ) and atherogenic index although was not significant (Figure 2 ).
The intervention also reduces CRP levels, but it does not affect HbA1c levels (Table 2) . 
Discussion
Insulin resistance in T2DM stimulates the mobilization of free fatty acid from adipose tissue, which causes dyslipidemia. Diabetic dyslipidemia is characterized by elevated TG, decreased HDL, and high of small dense LDL particles [16] . The TG/ HDL ratio is inversely correlated with the atherogenic index calculated as logTG/HDL [3] . Increased atherogenic risk was associated with a non-HDL cholesterol increase, the most preferred atherogenic lipoprotein and non-HDL cholesterol has been suggested by the adult treatment panel III of national cholesterol education program (NECP) as a therapeutic goal for diabetic patients [17] . Nimmanapalli et al. [5] and Zabeen et al. [6] reported that non-HDL cholesterol and atherogenic coefficient in T2DM patients were higher than controls.
Fiber has been known to have an effect on improve lipid profile and a diet rich in fiber with a low glycemic index (GI)/low glycemic load (GL) may be recommendable in patients with T2DM [18] . Eating at least 22 g/day fiber may reduce total cholesterol and LDL in healthy premenopausal women, and estradiol may slightly reduce the effect [19] . In the gastrointestinal tract, dietary fibers can trap cholesterol and excrete it in feces. Therefore, cholesterol is diverted to bile acid synthesis, and less cholesterol is passed to the liver via chylomicron remnants and resulting in low hepatic cholesterol pools [20] . Our results showed that supplementing 32g of fiber-rich snacks made of Dioscorea esculenta, arrowroot, cassava and pumpkin for 4 weeks reduced non-HDL cholesterol and atherogenic index in T2DM patients. A total of 100g snacks contain 3.02g protein, 18.23g fat, 59.03g carbohydrate, 4.81g soluble fiber, 14.91g insoluble fiber include 13.26 g resistant starch, which energizer 484.86 kcal. Non-HDL cholesterol contains all apoB containing lipoproteins in blood that mediates atherogenesis. These lipoproteins enter the arterial wall and undergo oxidative modification and then contribute to atherogenesis [21] . Therefore, reducing non-HDL cholesterol lowers atherogenic index.
Snack supplementation also significantly reduces body weight, BMI, and waist circumference of the T2DM patients. Fiber has a bulking effect that enhances a sense of "fullness", [22] which reduce energy intake and stimulate the body to use energy stored through lipolysis. Jensen et al. [23] showed that supplementation of sodium alginate fiber for 12 weeks increased weight loss and improved body composition in obese subjects. Loss of weight, BMI, and waist circumference may reduce inflammatory of T2DM patients. Obesity, overweight and waist circumference are strongly associated with a strong increase in CRP in adults [24] . High CRP levels are positively associated with incident of diabetes [25, 8] . In this study, fiber-rich snacks were able to reduce the CRP levels but did not alter the HbA1c levels. No effect of fiber-rich snacks in the HbA1c levels may be due to limited intervention time. The HbA1c is used to indicate chronic glycaemia that gives an integrated index of glycaemia in 120 days [26] . The decreased CRP levels in the study was consistent with study conducted in Sweden, which showed that fiberrich products with 10.7g soluble fiber per day reduce significantly CRP levels [27] . A randomized and controlled crossover study with a high fiber diet group (28g total dietary fiber per day) and a fiber-supplemented group (psyllium, 26g total dietary fiber per day) for 3 weeks significantly reduced CRP levels by -13.7 % and -18.1 % in each group, respectively [27] .
Conclusions
The fiber-rich snack has a positive effect in improving non-HDL cholesterol, atherogenic index and CRP levels but does not affect HbA1c levels in T2DM patients.
